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EFFECTSOFA SERIESOFINBOARDPLAN-FORMMODIFICATIONS

THELONGITUDINALCHARACTERISTICSOFTWOUNSWEPT

WINGSOFASPECTRATIO3.5, TAPERRATIO0.2,

ANDDIETQWNTTHICKNESSDISTRIBUTIONS
1
ATMACHNUMHERSOF1.61AND2.01

ByJohnR.Sevier,Jr.

ON

AntivestigationhasbeenconductedattheIamgley4-byl-foot
supersonicpressuretumnelatMachnumbersof1.61snd2.01todetermine
theeffectsofinboardplan-formmodificationsontwounsweptwings.
Thetwobasicwingsdifferedonlyinspantisethiclmessdistribution;
theaspectratio(3.5) andtaperratio(0.2)remainedthesameforboth
wings.,Inboardplsn-formmodificationsweremadebymeansof5msertsec-
tionswhichlinesrlyextendedthelocalchord,forwardorrearwsrd,from
the40percentsemispanstationtothemodelcenterline.

Resultsofthesetestsindicatedthatadditionoftheextensionsto
eitherofthebasicwingscauseda reductionin~ dreg;theoretical
calculationsshowedthatthesereductionscsnbepredictedwithreason-
ableaccuracy.Althoughtheextensionscauseda decreaseinlift-curve
slope,(whenbasedonwingareasincludingextensions)theirover-aXL
effectwastoimprovethemaximumlift-dragratioandtoreducetheLift
coefficientatwhichitoccurred.Thus,byproperlymodQlngthewing
thiclmessandplanform,significantincreasesinwingvolume(upto
80percentfortheconfigurationspresentedherein)couldbeattained
withlittleornopenaltiesindragandactualincreasesinmaximumlift-
dragratio.Comparisonofthepresentresultswiththeresultsofa
similarinvestigationfora 470sweptwingindicatesthatsweepsingle
haslittleeffectontherelativeimprovementsresultingfromtheaddi-
tionofchordextensions.
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INTRODUCTION

Inreferences1 to4, anextensiveinvestigationhasbeenmadeto
determine@e effectsofsweepandthicknessontheaerodynamiccharac-
teristicsofseveralwing-bdycombinations.A partofthisgeneralpro-
grsmwasaimedatdeterminingthepmcticabilityofincreasingthewing
volmebythickeningtheinboardpartofthewing.Forexample,inref-
erence1,theinboardthichessratioswereincreasedona 470sweptwing
sothatthew3ngvolumewasincreasedby25percent;resultsindicated
thatuptoaMachnuniberof0.88,nopenaltyin~ 13ft-dragratio
wasincurredforthethickenedwing.Atsupersonicspeeds,however,the
effectofgreaterwavedrag,associatedwiththeincreasedthickness,
wasclearlyevidentinthereducedlift-tisgratios(refs.3 and4).
Becauseofthepracticaladvsdagesofthethickerwing,a furtherinves-
tigatiawasconsideredwarrantedtoascertainwhetherthereweresome
practicalmesnsofmaintaiminnitsadvantagesatsupersonicspeeds.

A recentinvestigationoftwo470sweptwingsmadeattheLangley
4-byk-footsupersonicpressuxetunnelshowedthat,byproperlymodi-
fyingthewingthicknessandplanform,significantticreasesinvolume
accompaniedbyactuslticreasesinmsximmlift-dragratios,csnbe
attained(ref.5). tiewingwasofconstant6 percentthic-ssratio
throughout;whereastheotherwinghadthesamesectionsoutboardofthe
kO-percent-semispanstationbuttiboardofthisstation,thethicbess
increasedlinearlyto12percentatthemodelcenterEne.

A lessextensiveinvestigationofa similarnaturewasmadeofa
45° sweptw3ngbyanAirForcecontractor.Theresultsofthisinvesti-
gationshowthesamegenersl.trendsandarepresentedinreference6.

Ihordertoestablishsweepeffects,furthertests(similartothose
ofref.5) weremadeofa‘wingwhichwa@unsweptaboutthemidchordline.
Aspectratio(3.5), taperratio(0.2),andthicknessdistributionforthe
twobasicWiII@3remdnedthessmeasinreference5. Resultsofthis
unswept-wimginvestigationsrepresentedinthepresentreport.Ihboard
plan-formmodificationswereeffectedbymeansofremovableinsertswhich
linearlyexhndedthelocalchord,forwardorresrward,fromthekO-percent-
semispanstationtothemodelcenterline.

SYMBOLS

free-streamMachnuder

free-streamdynamicpre6sure
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WINGDESIGNATION

lhordertoidentifyconvenientlythevariousconfigurationstested,
a three-unitnuniberingsystemhasbeenadopted,eachunitbeingseparated
fromtheothersbya dash.w firstnumber(6 orW) designatesthe
center-linethiclmessinpercentchordofthebasicwing;thesecondnwn-
ber(O,33, 67, or100)designatesthepercentagebywhichthebasic
center-linechordisextendedbytheforwardinsert;andthethirdnumber
(Oor33) referstothepercentagebywhichthebasiccenter-linechord
isextendedbytherearwardinsert.W, thedesignation6-o-orefers
tothebasic6-percent-t~ckwing,whereasthedesignation12-100-33
referstothe1.2-percent-thickwingwiththebasiccenter-linechord
extended100percentforwsrdand33percentrearward.i%caseswherea
givennumberisvariable,thenumberisreplacedbyX. Thus.whencurves
areplottedasa functi&of
6.Percent-tti&wingwith33
iS 6-x-33.

leading-edge&tensio~,forex&ple,forthe
percentrearwardextension,thedesignation

APPARATUS

-1

AU testswereconductedintheIangley~ by4-footsupersonic
pressuretunnelwhichisa rectangular,closed-throat,single-returnwind
tunneldesignedfora nomlnalllachnumberrangeof1.2to2.2.Thetest-
sectionMachnumberisvariedbydeflectinghorizontalflexiblewalls
againsta seriesoffixedinterchangeabletemplateswhichhavebeen
designedtoproduceuniformflowb thetestsection.Forthepresent
investigation,thetest-sectionMachnmiberswere1.61and2.ol;the
test-sectionheightswere4.4feetand5.1feet,respectively;andthe
tunnelwidthwas4.5feet.

Model

Thetestmodelconsistedofeitheroftwounsweptwings(0°sweep
aboutthemidchordline)mountedonanogivecylinderfuselage,theogive
havinga finenessratioof3.5.Themodelwasstingsupportedasshown
infigure1. Angleofattackwasmeasuredopticallyduringeachtestand
wasvariedbyrotatingthemodelaboutthebalsnce-mmnentcenter.Although
thefuselagehouseda six-componentinternalstrain-gagebalance,onlynor-
malforce,chordforce,andpitchingmamentwereanalyzed.

Thewingswereconstructedasimdicatedinfigure2. Outboardofthe
40percentsemispanstation,bothwingswereconstructedofsteel~sndhad

>-~-~hexagonalairfoilsectionswitha constantthicknesssymmetrical3 3 3
==+======
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ratioof6 percent.Inboardoftheb-percent-semispanstation,the
flatsideofthehexagonalsectionwasextendedintothefuselage;the
sirfoilsectionoverthisinboardpartwascompletedbytheadditionof
anycombinationofforwardandrearwardinserts,asshowninfigure3.

Forwsrdextensionsof33,67, and100percentofthebasiccenter-
linechordanda rearwardextensionof33percentofthebasicchord
weretestedinvariouscombinationsoneachwing.Becauseofplqmical
limitationsofthemodel,theextensionstestedinthepresentinvestiga-
tionweresopewhatdifferentfromthoseofreference5,inwhichforward
andrearwardextensionsof33and67percentofthebasiccenter-ktne
chordweretested.Itshouldbenoted,however,thatthemaximumtotal
chordextensionremainedthesame.

Theadditionofchordextensions,toa wingofgiventhickness,nec-
essarilychsmgedthedrfoilsectionbecausethethiclmessratioand
wedgesngleweremodified.Furthermore,whenextensionswereaddedwhich
werenonsymetricalforwardsndrearward,thesectionnolongerremained
1 1 1 airfoil;itsnewshapedependedontheparticularcmnbination_.—-—

a333
ofextensions.b short,thenewsirfoilwasmerelythebasicairfoil
withitsthreechorddivisionselongated(eitherforwardorrearwardof
thebasicchordcenterlineorboth)bysnamountdictatedbythenew
wingdesignation;theincreasedlengthbeingsJlotedproportionallyto
theflqtsectionsndtothewedgesection.Thenewairfoilsectionscan
bederivedbyusingthefoll.awingrelationships:

,2=W=,
~+A+B 3

100

w%)
~+A+B

100

..— —.—— - —.—. ——— — —————
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where cl, C2,and c~ arethelengthsoftheforwardwedge,fMt mid-
section,andresrwardwedgeexpressedasfractionsofthenewchord,
and A and B arethepercentforwardandrearwardexbnsions,respec-
tively.Notethattheflatsectionalwaysremainedone-thirdthechord.

Twosetsofwingsandinsertextensionsweretested.Onewingwith
basicinserts(X-O-O)hadconstant6-percent-thicksectionsthroughout.
ThesecondWng withbasicinsertswasidenticalinplanformandhad
thesamesectionsoutboardoftheb-percent-smispan.stationasthe
6-percent-thickwing.Ihboardofthe~-percent-semispanstation,how-
ever,thethiclmessincreasedMnesrlyfrom6 percentatthe@ percent
stationto12percentatthemodelcenterline.sincethe6-x-xand
12-X-Xwingscouldbothbetestedwitheightdifferentcmtd.nationsof
inserts(fig.3),therewasa totalofsixteenconfigurationstested.

Ilgurek(a)showsthebasic6-percent-thickwing(6-o-o)andfig-
ureh(b)showsthe6-percent-thickwingwith100percentforwardand
33percentrearwarde*ions.

TESTS

Allw@g configurationsshownh figure3weretestedataMach
numberof2.01throughanangle-of-attackrage of-20to8°)approxi-
mately.ThecorrespondingReynoldsnmber,basedont~ meanaerodynamic
chordoftheX-O-Owing,was,withtheexceptionofseverslisolded.
testconditions,2.21. x 106. Fortheextremeforwardextensicms,itwas
necessarytolowerthetumnelstagnationpressureinordernottoexceed
thebalancelimitonpitchingmmemt;fortheseconfigurate-,the

ky-no~ numberwas1.62x 106.A checkrunofthe12-O-Owingatboth
ReynoldsnunibersWcated thattherewasnomeasurableeffect@e to
thisslightvariationinReynoldsnumber.

= ordertoestabl$shMachnudervariation,the
tions,shownh thecornersketchesoffigure3,were
wch numberof1.61.TheReynoldsnumberformostof
2.68x 106;forthemostforwardextensions,whereit

extremeconfigura-
alsotestedata
thesetestswas
waanecessaryto

lowerthestagnationpressure,theReynoldsnumberwas1.@ x 10b.

Correctionswereappliedtoalldatah suchamannerthattheb=e
pressurewascorrectedtofree-st~amstaticpressure.A 3-inch-dismeter
stingblock(fig.1)wasusedinordertomin3mizethebase-pressurecor-
rect%n.~ r&l.tsofreference5 indicated
noeffectonthefhsl correcteddata.

thstthestingblockhad

.

.

——-.—.————. .._ .—. ——
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THEORETICALCAU!UIATIONS

7

DragatZeroLift

Thedragatzeroliftofeachwing-body
tobethesumoftheindividual.drsgsofthe

combinationwasconsidered
bodyandtheexposedwing.

Interferenceeffectswereneglectedonthebasis-ofthefoil-&3ngcon=
siderations:(1)thebodywascyMadricalinthezoneofinfluenceof
thewingandhencecanexperiencenopressuredraginthisregion,ad
(2)thewingwasoperatingina flowfieldwhichwasessentiallyuniform.
Thebodypressuredragwascalculatedbymeansoflinesrtheoryaspre-
sentedinreference7. Womtestsofthebodywithandwithouta boundary-
layertripandfrm measurementsmadeona similarbodyb reference3,
theflowoverthebodywasfoundtobeturbulent.Theskinfriction,
therefore,wasestimatedbytheextendedEranklandVoishelmethod
discussedinreference8.

Thewavedragsoftbebasic-s (X-O-O)werecalculatedbylinear
theorybytheuseofa procedureshihr tothatoutUnedinreferences9
snd10. Fortheefiended-chordconfigurations,thewave-drsgcoeffi-
cientswereestimatedbya strip-theorycalculation;thatis,two-
dimensionalthicknesscorrectionswereappliedtothebasicwingtoallow
forthethickness-ratio
tionsweremadeforthe
estimatedbythemethod
assumed.

——
‘changesasthe insertswereadded.Nocorrec-
plan-fomnchsmge.Thewingskinfrictionwas
ofrefer-ceU.;laminarflowoverthewingwas

Lift@ Characteristics

Althoughthelift-curvesbpesofthewingsndw3ng-bodyconfigura-
tionarediscussedseparatelyinthissection,itistobeemphasized
thatinthefW presentation(wheretheoryandexperimentarecompared),
onlytheestimatesforthewing-bodycanbinationsarepresented.cal.cu-
l.ationsweremadeforthewing-aloneconfigurationsasanecessarystep
inobtainingthewing-bodycharacteristics,however,noresultsforthe
wingalonearepresented.

Winglift-curveslope.- Forthebasicwbg (X-O-O)alone,thelift-
curveslopeswerecalculateddirectlyfromtheexpressionsgiveninref-
erenceU. ~ estimatingthemfortheetiended-chordconfigurations,
certainsimplificationsweremadeinordertoavoidprohibitively
lengthycalculations. First,considertheX-O-33configuration:since
thetrailingedgeissupersonic,theadditionofthe33percentexten-
siontothebasicwingcsmnotaffecttheflowoverthebasicpartofthe
newwing.Thus,theMft ontheX-O-33wingismerelytheliftonthe
X-O-Owingplu theliftcmtheaddedtriangulararea,whichcanbe

,

..— ——-— — .— .—.
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calculatedby integratingthetheoreticallinearpressuresoverthe
trimglllsxpa. !l?hisreasadngappliesatbothlkchnumbers1.61
snd2.01becausethetrollingedgeissupersonicinbothcases.Onthe
basisofthereversibilitytheorem(ref.13),itisobviousthatthe
X-33-Oconfigurationhasthesametheoreticallift-curveslopeasthe
X-O-33configuration.~ ordertoobtaintheliftingcharacteristics
ofthex-67-owing,thereversefluwisconsidered.AtaMachnuriber
of2.01,thereverse-flowtrailingedgeoftheinsertisessentially
sonic,hencethesamemethodcanbeusedasfortheX-O-33configuration.
AtaMachnumberof1.61,however,thisreasoningdoesnotapply,because
thereverse-flowtre~g edgeissubsonic.Similarly,thelift-curve
slopesoftheX-1OO-Owingcannotbecalculatedbythesesimplemethods
norcancalculationsbemadeforconfigurationshavinga combinationof
forwardandrearwardextensions.Thatis,forconfiguratimsotherthan
thosediscussed,thecalculationswereeitherprohibitivelylengthyor
wereoversimplifications,therefore,nocalculatimsofthistypewere
carriedout.Itisbelieved,however,thatthelimitednuniberoftheo-
reticalpointscalculatedbythemethodsdescribedaresufficientto
establishsgreementbetweenexperimentsndtheoryandslsotoshowthat
thegeneraltrendscanbepredictedreasonablywell.

wing-body Lift-curve slope .- Inesttitingtheeffectofwing-body
interferenceonthelift-curveslope,themethodofreference14was
used.Forthebasicwing,thismethodwasapplieddirectly,butforthe
extended-chordconfigurations,itwasnecessarytoshuplifytheproblem
scmewhatinordertoavoidexcessivelylengthycalculations.Forthese
configurations,then,itwasassumedthattheinboardsectionofthe
~ pm fom wssofprimaryhportanceindeterm~ngtheeffective
Et carryover.Hence,theliftcarryoverwascomputed(bytheuse
ofref.K?)fora wingofzerotaperratiohavingthessmesweepofthe
leadingandtra=n edgesasgivenbytheinsertsections.

DragduetoMft.-Becauseoftherelativesharpness.ofthewing
leacthgedgeandthefactthattheleadingedgewassupersonic,except
forthecasesofextremefo~sxdefi=io=, t~ hag dueto‘~t ~s
assumedtobegivenbythecomponentofnormalforceinthedragdirection.

RESUIZSANDDISCUSSION
,

EffectsofEcknsionsonUnsweptW@

Basicdata.- Thebasiclift,tiag,andlift-hag-ratiodataarepre-
sentedasa functionofangleofattackh figures5 and6 forboththe
6-x-xand12-X-Xwingconfigurations.Eladdition,thelift-dragratio
dataareplottedasa functionofliftcoefficientinfiguxes7 and8.

—— —— .—. .—. .— - —.—————-. -- —--—
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Thebasicdataforalltheconfigurationstestedaretabulatedin
tableI. A summaryoftheindividualwingcharacteristics(suchas
minhmmdragsndUft-curveslope)ispresentedintablesIIandIII.

Pitching-momentandcenter-of-pressuredataarepresentedforthe
6-x-xand12-X-Xwingseriesinfigures9 and10,respectively.Since
eachinsertsectionwasassumedtoforma newwing,a newmomentcenter
referencedtothequarter-chofipointofthemeanaerodynamicchordof
eachwingwasusedtoreducethedata.Suchreferencingleadstothe
anomalousresultthattheforwardextensionsincreasestability.This
effectisduetothefactthatthemomenttis changesmorerapidlythan
doesthephysicalcenterofpressure,as is evident fromth center-of-
pressuredatapresentedinfigures9 and10.

Minimumdragcoefficients.-InfigureI.1,theminimumdragcoeffi-
cientsforaU theconfigurationstestedareplottedasa functionof
thesumoftheforwardsndrearwardextensions.Thispresentati~is
consistentwiththeinitialtheoreticalassumptionthattheextensions
wouldintroduceprimarilya thicbesseffect.W figureU.(a),thedrag
coefficientshavebeenbasedontheindividualwingarea,whereasinfig-
ureU.(b),theareaofthebasicwing(X-O-O)hasbeenusedtoobtain
dragcoefficient.Itshouldbeemphasizedthatthesignificantreduc-
tionsinminhm dragcoefficientapparentfromfigureU(a) sresomewhat
misleadingsincereferencinga givendrsgforcetoa largerarea(as
extensionsareadded)willnecessarilyresultina lowercoefficient.
Thepictureisfurtherdistortedbythefactthatthebodydrag,which
isa largepartofthetotsldragsndistheoreticallyconstant,is
includedinfigureU; thebodydrag,ofcourse,issubjecttothesame
misleading chmges duetore-referencing.Hence,becauseofthe
re-referenc&foreachwing,itisdifficulttomakevalidcomparisons
betweencouPigurationsusingfigureU(a). Forthisre~on,fi~e U(b)
hasbeenincludedinwhichthevariationinminimumdragcoefficientis
equivalenttothevariationinactualminimumdragsincea corfmlonarea
hasbeenusedthroughout.

TheresultsoffigureU_indicatethat the originalthickness-
correctionconceptissubstantiatedbytheexperimentaldata.Thatis,
bytheuseofthisthicknesscorrection,itispossibletoestimate
reasonablywellthevsmiationin~ dragcoefficientwithchord
extensions.

Althoughthereductionindragwithchordextension(fig.U(b))is
primsrilya thicknesseffect,itisofinteresttonotethedifferences
betweentwowingsofthesamethiclmessratio;thatis,tocomparethe
6-o-owingwiththe1.2-67-33wing,obse-, ofcourse,thatbothwings
areofconstant6 percentthickness.Sincetheslightdifferencein
airfoilsectionofthetwowingsintheinboardregionintroducesa
negligibleeffect(basedontwo-climensionallinear-theorycalculations),

.._ ——. —— ——— —— .
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thenthiscomp~isonwillindicatethe
UsingtablesIIsndIII,thefollowing
nmberof2.01:

I I

effectofchangingtheplanform.
resultsareobtainedfora Mach

I wing designation I%ldn I C?minx-o-o I

6-o-o 0.oa_8 O.0ZL8

u-67.33 .01.67 .0223

Thusthew-67-33w@-body caibinationhasonly2 percentmoreactusl
dragthsntheconventional6-o-owtng.Comparisonofthesetwowingson
thebasisofvolumeindicatesthatthe12-67-33winghas67percent
~eatervolume(aparameterwhichmaybeextremelyimportant)thanthe
6-o-owing.Lta Machnumberof1.61,a comparisonbetweenthe6-o-o
andtheE2-1OO-Oconfigurations(sincetheE-67-33configurationwas
nottestedatthelowerMachnumber)indicatedcomparableresults.

OnthebasisofMnitedcomparisons,itwasconcludedthatapproxi-
matelythessmepercentagechangesinminimumdragresultedfromadding
extensionstotheswept-wingconfigurations(ref.8)astothepresent
unsweptconfigurations.Theabsolutedragvaluesofthesweptconfigura.
tionsweresomewhatlowerthsnthoseoftheunsweptonesataMachnumb-
er of1.61,bu%wereessentiallythesameata Machnuderof2.01.

Dragduetolift.- b figures12and13,thedrag-due-to-liftparam-
eterisplottedasa functionofforwardchordextensionforboththe
6-x-xand12-X-Xwingseries.Ascanbeseeninfigures1.2(a)and13(a),
thereciprocalofthetheoreticallift-curveslope(inradians)fails
belowthedrag-due-to-liftparsmeter.Thisresultcanbeattributedto
thefOllowingconditions: (1)theresul.tsnt-forcevectorcanbeinclined
atsme angleotherthannormal(aswasoriginnyassmed),and(2)
theremightbeinaccuraciesinpredictingthelift-curveslope.Subse-
quentplotsshowthatthereisgoodagreemetibetweentheoreticaland
experimentallift-curveslopes,therefore,thesecondreasonisnota
contribtiingfactorinthepresentcase.Ontheotherhand,examination
offigures12(b)and13(b)indicatesthat,infact,theltitvectoris
inclinedrearwardofthenomaltothechord.Thus,h thepresentcase,
thedifficultyinpredictingdrag-due-to-liftcharacteristicsllesinthe
factthattheoriginalasswnptionofa nomnalliftvectorisnotstrictly
correct.

comEmaw@—

— _.-— —— -.
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m-c- slopes.- ~plots ofthelift-curveslopesforSU
thewing-bodyconfigurationstestedarepresentedinfigures14and15.
Asinprevioussunmaryplots,theparameterisbasedbothonthetidi-
vidualwingareaandontheareaoftheX-O-Owing.Examinationoffig-
ures14 and15 showsthat thereisverygoodagreementbetweenexperiment
andtheory,especiallyatthehigherMachnuuber.Althoughthetheoreti-
calestimatespresentedarefora limitedrange,itcanbeconcludedthat
reasqablyaccuratetrendsinlift-curveslopecanhecalculatedbythe
useofthemethodspresentedinthisreport.

Maximumlift-dragratios.- Thelift-drag-ratiodataarepresented
asa functionofforwardchordextensioninfigures16and17forboth
the6-x-xand12-X-Xwingseries.~ s22.cases,theadditionofchord
extensionstoa wingofgiventhickness@roved themaximumlift-drsg
ratioand,atthesametime,reducedtheliftcoefficientatwhichit
occurred.AScanbeseenfromfigures16and17,thetheoreticalesti-
matesofthemadmzm1~-dragratioaresomewhathigh.Thesediscrep-
anciesaretheresultofaccumulativesmalldifferencesbetweenexperi- “
mentandtheoryincalculating~, minimumdrag,anddragduetolift.
Itshouldbenotedthatthetrendsbetweenexperimentandtheoryccqmre
favorablyalthoughtheactualvaluesdonot.

~ain.it is of interest to comparethe two 6-percent-thickwtngs
(in cc&bi&tion withthebody)ata~ch numberof2.01:

Wingdesi~tion ()
&
D- %@

6-o-o 4.92 0.220

u-67-33 5.21. .185

Thus,theextended-chordwingconfiguration(whichhas67percent
morevo@ne)hasa 6 percenthighermz@mnmlift-dragratiooccurringat
a lowerliftcoefficientand@ only2 percentmoremimbmmldragthan
thebasicconfiguration.Similargainscanbeanticipatedata &h
numberof1.61.

Calculatimsofwingsldnfriction(withtheassumptionoflaminar
flow)indicatethatthisincreaseinmaximmlift-dragratioischiefly
a plm-fomneffectratherthana Reynol..dsntiereffectonskinfriction
(associatedtiththeextenddchordoftheM-67-33wing).Further
calculationsshowthateveniftheflowh~ beentibti~toverthewings~
theresultingincreaseinthelevelofskinfrictionandthelarger

— .-- ... . .- —------- —— —. —. — .— .——. ——-——————— --—
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Reynoldsnumbereffectassociatedwiththe@ended chordwouldbe
insufficienttocausesmymaterialeffectonthepercentageincreases
inmaximumIift-drsgratio.

Itisof@ortancetonotethatthesedatawereobtainedfrcmrela-
tivelycrudemodelsdesignedtofacilitatethetestingofvarioussrrange.
ments.T& results,therefore,sretobeappliedinordertoindicate
trendsratherthanforthespecificnumberspresentedbecause,byusing
betterairfoilsections,highervsluesinma3imumlift-dragratiocould
berealized.

Pitc~-moment-curveslopes.- Thepitching-moment-curveslopesand
representativecenter-of-pressurelocationsforsllconfigurationstested
arepresentedinfigures18and19. Theclifficultyofconsideringeach
configurationasa neww5ngandrelocatingthemomentaxLsisreflected
inthepitching—moment-curveslopes;however,therepresentativecenter-
of-pressurelocationsshowtheanticipatedforwardshiftwithforward
extensionsandrearwardshiftwithre~ ~ensims.

Comparison BetweentheSweptandUnsweptWings

AmJmJgh no specific curves showbg sweepeffectsarepresentedin
thepresentreport,itwillbeofgeneralinteresttocomparethebasic
sweptand~@ -s, ~ to~sc~s m effectsof_ etiensicm.

Sweepeffectsontheextended-chordconfigurations.- Becauseof
basicdifferencesbetweenthetestsofreference5 sndthepresenttests,
onlya limltednuniberofextensionswerecommntoboththesweptand
unsweptwings. Thus,thecmclusionsregardingtheeffectofsweepW
necessarilybebasedonlimitedcomparisons.Tobespecific,ataMach
numberof1.61.,theX-O-OandX-O-33configurationswerecomnontoboth
thesweptSndunsweptwings;whereas,ataMachnuuiberof2.01,theX-O-O
andx-67-oconfigurationswerecommon to both.Onthebasisofthese
comparisons,itisconcludedthstata Machnuuiberof1.61therelative
improvementsduetoaddhgextensionswereessentiallythesae forthe
sweptandunsweptwings. Ata Machnumberof2.01,itwasfoundthat
slightlyhigherrelativegainscouldbereslizedwiththeunsweptwing.

SweepeffectsonthebasicwSngs.-Generallyspeaking,theaerody-
namiccharacteristicsofthe 4p sweptwingarebetterthan those ofthe
~~ ~; at~=t, overtheM=h mer ramgeconside~dherein.
Ata Machnumberof1.61,the sweptwinghasdefiniteadvmstagesinmini-
m drsg,dragdm to~> mmdmuml&&dragratio,andoptimunlift
coefficient;however,ataWch nmiberof2.01,theseadvantagesarenot
aspronounced.For_le, atthelowerMachmmiber,thesweptwing
has10percentto12percentgreatermadmumlift-dragratio,whereas,

—— —.. ... .—.— ———— .———. . . ..——._— _____ ___ ______
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ataMachnumberof2.01thisvaluehasbeenreducedtoabout5 percent.
similarly,theminimumdragofthebasicsweptwingisappro~tel.y
10percentlowerthanthatofthebasicunsweptwingata Machnumber
of1.61; whereas, at the higherMachnumbertheminimum-dragvaluesof
thetwowingsareessentiallythesame.Suchtrendssubstantiatethe
origiaalassmptionthattbeunsweptwingwouldhavebetteraerodynamic
characteristicsatthehigherMachnwnbersthanthesweptwing.

Theonlyparameterconsideredhereinwhichdoesnotfollowthis
patternislift-curveslope.AtaMachnuniberof1.61,thelift-curve
slopeoftheunsweptwingisabout10percenthigherthanthatforthe
sweptwing,whereasataMachnumberof2.01,thetwoan=approximately
thesame.

CONCLUDINGREMARXE

AninvestigationhasbeenconductedattheIangley4-by4-foot
supersonicpressuretunnelatMachnumbersof1.61and2.01todetemine
theeffectsofinboardplan-formmodificationstotwounsweptwings.
ThetwobasicwingsdHferedonlyinspsnwisethichessdistributim;
theaspectratio(3.5)andtaperratio(0.2)remainedthessmeforboth
wings. lhboardplsn-formmodificationsweremadebymesnsofinsertsec-
tionswhichlinearlyextendedthelocal.chord,forwardorrearward,from
the40-percent-semispsmstationtothemodelcenterline.

Resultsofthesetestsindicatedthatadditionoftheextensionsto
eitherofthebasicwingscauseda reductioninminimmdrag;theoretical
calculationsshowedthatthesereductionscouldbepredictedwithreason-
ableaccuracy.Althoughtheetiensionscauseda decreaseinlJ_ft-curve
slope(whenbasedonwingareasincludingextensions),theirover-all
effectwastoimprove~$ maximumltit-dragratioandtoreducethelift
coefficientatwhichitoccurred.Thus,byproperlymodifyingthewing
thicknessandplanform,significantincreasesinwingvolme(upto
80percentfortheconfigurationstestedherein)canbeattainedwith
littleornopenaltiesindragandactualincreasestinmdmsumEt-drsg
ratio.

Comparisonofthepresentresultswiththeresultsofa similar
investigationfora 47’Osweptwingindicatesthatsweepanglehaslittle
effectontherelativeimprovementsresultingfromtheadditionofchord
extensions.

LangleyAeronauticalLaboratoryj
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,October28,1953.

..— —.
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TABLEI.-BASICDATA
.

.

M = 2.01 I M= 1.61

L, deg CL % L/D %1 a,deg CL ~ L/I) &

W@ 6-o-o

-2.08
-.02
2.13
4.20
5.23
6.37
7.25

-0.llk
-.003
.113
.226
.285
.346
.394

0.0313
.0270
.0310
.0439
.0541
.0674
.0791

-3.65
-.13
3.65
5.15
5.26
5.14
4.98

‘O.0142
. m3

-.0143
-.02&j
-.0350
-.0421
-.0470

-2.08
.00

2.10
4.08

-::a&o:JEq-3.35
-.08

.081 .0254 3.20

.163 .0347 4.69

.205 .0417 4.91

.244 .0498 4.90

.288 .0598 4.82

0.0084
.0002
-.0079
-.0159
-.0202
-.0236
-.0275

5.07
6.07
7.03

Wing6-33-o

-0.0%
-.002
.079
.160
.199
.240
.281

3.0228
.0188
.0227
.0317
.0390
.0476
.0581

-3.790.010-5
-.11 .0Q02
3.48-.0096
5.03-.0201
5.lJ_-.0252
5.04-.0305
4.84 -.0356

-2.20
-.02
2.13
4.I-8
5.23
6.22
7.27

whg 6-67-o

-0.076
-.001
.075
.148
.185
.222
.259

0.0194
.0166
.0195
.0285
.0348
.0430
.0523

.2.08
.02

2.15
4.13

-3.91
-.03
3.84
5.20
5.30
5.16
4.95

0.0129
.0000
-.0129
-.0263
-.0328
-.0395
-.0464

5.13
6.15
7.15

Wing6-100-0

-0.0700.0177-3.95 0.0147
-.001 .0153 -.08 -.0004
.059 .0182 3.77 -.0158
.136 .0259 5.25-.0307
.170 .0318 5.36 -.0385
.205 .0393 5.21-.0462
.240 .0481 4.g8 -.0541

.0.086
-.(2Q1
.088
.177
.228
.270
.137

-4.09 0.0zL8
-.07 .om3
4.11 -.0222
5.50-.0445
5.54 -.0567
5.36-.0570
5.17-J0345

‘2.05
.03
2.13
4.10

.1.95
-.02

R
5.17
6.13
3.10

).021J
.0181
.0214
.0322
.0411
.0504
.0264

5.10
6.u2
7*I2

.

— .—.— — .—— ——. —..— —.—.—.. .—. —— .—_
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TABLEI.-EA.SICDATA- Continued

M = 2.01 I M= 1.61

,, deg CL CD L/D % a,deg CL ~ L/D ~

Wing6-o-33

2,07 -0.080
.03 -.001
2.07 .078
4.02 .155
5.00 .194
5.98 .232
6.95, .272

2.17 -0.081
.00 -.002

2.12 .076
4.15 .153
5.13 .190
6.20 .229
7.15 .266

0.0228
.0195
.0231
.0311
.0371.
.0446
● 0535

-1$ 0.000:-2.13
-.02

3.36-:00952.07
4.99-.01914.15
5.22-.02365.32
5.20-.02806.38
5*O9-.03257.35

Wing6-33-33

).0206
.0170
.0207
.0292
.0354
.&36
.0525

-3.950.ou_6
-.11 .Qoo2
3.65-.0107
5.23 -.0219
5.36-.02~
5.24 -.0330
5.07 -.0383

.2.18 -0.078
.02 -.W2

2.20 .074
4.23 .148
5.27 .185
6.30 .222
7.37 .260

.2.12 -0.070
.05 -.(X)1
2.15 .068
4.22~ .1*
5.25 .169
6.17 .203
7.23 .235

1.0186-4.19.0151-.ll
.01883.92
.02vI5.42
.Oykd5.44
.okz 5.28
.05195.01

wing6-67-33

0.0139
.0003
-.ol~
-.0270
-.0337
-.0407
-.0475

Wing6-100-33

.0166-4:$0.c1::

.0140 -.

.01654.10-.01A7

.02475.44-.0293

.03085.48-.0368

.03765.39-.out5

.04645.07-.0515

.2.07
-.10
2.1.2
4.18
:.;;

7:15
3.07

-0.11o0.0279
-.002.0239
.106.0274
.213.0389
.274 . d@2
.330 .0607
.378 .07221-N;O.0153.Cmol

3.87-.0151
5.49-.0297
5.58-●0377
5.43-.0448
5.24 -.~O$3

.0.087
-.001
.08g
.180
.214
.258
.304
.132

.

.- —.—-— —----- ---- -—.— _.. .— ——-.———.

1.0196
.0167
●0200
.0310
.0368
.0460
.0576
.0241I4.430.0207-.03.0001

4.46-.0213
5.82-.0431
5.81-.0509
5.61-.0613
5.28-.0721
5.46.0316

—— ———.-—- —
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TKBLEI.-BASICDATA- Continued

M= 2.01 M = 1.61

z,deg CL CD L/D Cm a,deg C-L CD L/D &

NACARML53Kll

.

wing12-o-o

-2.27
-.05
2.18
4.30
5*37
6.47
7.53

-o.I-27
-.004
.115
.229
.287
.347
.406

0.0379
.0323
.0365
.0501
.0605
.0736
.0885

-3.34
-.12
3.15
4.57
4.74
4.71
4.58

0.0136
.0005
-.0125
-.0241
-.0296
-●0355
-.0417

0.00
2.03

2:$
7.78
4.95

-0.002
.078
.155
.276
.321
.196

0.0262
.0293
.0379
.0615
.0732
.0449
.0297

-0.08
2.67
4.10
4.49
4.39
4.37

-2.66

o.m5
-. ~58
-. OU8
- .oa4
-.0240
-.0150
.(X65-2.03 I - ● 079

wing12-33-O

).0255
●0217
.0258
●0355
.0k25
.0511
.0617

-2.18
-.02
2.13
k.25
5.25
6.25
7.32

-0.08$
-.002
.079
.160
.lgg
.239
.280

.3.27o;&9~
-.09
3.08 -.0080
4.50 - ● 0174
4.68 -.021-8
4.68 -.0265
4.54 -.0312

mg w-67-o

-0.076
.Cxxl
.074
.147
.184
.220
.258

0.w6
.0188
.0217
.0305
.0370
.0450
.0543

-3.51
-.02
3.42
4.82
4.96
4.90
4.74

-2.13
.03
2.13
4.13
5.13
6.13
7.15

0.0131
.(x)08

-.0=6
-.0243
-.03C%
-.0370
-.0435

wing12-lm-o

-3:g 0.0149-2.17
.0001 .03

3.46 -.0146 2.20
4.91-.02903.23
5.07-.03694.18
5.01-.04435.22
4.83-.05156.20

.0.069
.000
.tig
.136
.171.
.205
.239

).0195
.0168
.0198
.0276
.0337
.0409
.0494 I0.0950.0242-.CX)l.0204

.Ogl .0241

.140 .0293

.181 .0351

.227 .04+

.268 .~24

.2,05
.05
2.13
4.15
5.13
6.13
7.15

-3.92
-.02
3.78
;.;;

5:24
5.11

0.0235
AO02
-.0226
-.0348
-.0447
-.0555
-.0650
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TABLEI.-EASICDAw - Conchded

M = 2.01 M= 1.61

~, deg % ~ L/D ~ a,deg ~ ~ L/D &

---- -——wingI-2-O-33

.0.02
2.12
4.10
5.07
6.05
7.08
8.07
.2.05

.0.02
2.13
3.17
4.18
5.20
6.20
7.22
.2.18

“o.000
● o~
.156
.195
.234
.276
.317

-.081

-0.001
. .o~
.U6
●153
.192
.229
.270
-.083

.0.07

.2.15
2.20
4.25
5.22
6.28
7.38

-0.002
-.075
.074
.148
.185
.222
.260

0.0229
.0260
.0348
.0410
.0488
.0584
.0593
.0263

0.00
3.02
4.48
4.74
4.80
4.72
4.57
-3.06

).Olgo
.0228
.0266
.0316
.0382
.0460
.0577
.0227

I
0.0167
.0200
.0203
.0292
.0355
.0437
.0535

-0.0004-2.20
-.0087-.03
-.01672.22
-.02q’4.27
-.02485.38
-●02906.48

-o●114
-.003
.110
.217
.275
.329

0.0327
..0283

.0319

.0438

.0539

.0653

-:=17“501“3Y“0n8I I I

wing12-33-33

I.0.04-0.00013.38-●0102
4.35-.0153
4.85-.0203
5.02-.0255
4.98-.0305
4.84-.0360
.3.52.0101

I-3.500.0130
-.10 -.0004
3.46-.0140
4.95 -.0267
5.10 -.0338
5.04-.0404
4.88-.0464

Wingu-67-33

.0● 10 0.O(X)5

.3.76 .0131
3.66 - ● 0164
5.07 -.0254
5.21 -.0320
5.08 -.0386
4.85 -.0453

wing3.2-100-33

.2.10 -0.0690.0178-3.850.0143-2.52 -0.1080.0242-4.460.0252
.02 .Ooo .0151 -.03 .0000 -.05 -.004 .0184 -.20 .0CQ5

2.13 .068 .ol~ 3.&+ -.0144 2.33 .098 .0227 4.31 -.0237
4.17 .135 .0260 5.18 -.0288 4.70 .200 X@& ;.~ -.0468
:.: .169 .0317 5.32 -.0360 7.36 .300 -.0697

.203 .0391 5.19 -.0433 6.28 .262 .0486 5:38-.061.1
7:25 .237 .0480 4.94 -.05C%3.68 .156 .0295 5.27 -.0369

-—. -...._.——— .— —.—
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1

I

I

I

wing

6-GO
6-33-o
6-574
6-MM-•
I
6-0-33
6-33-33
16-6T-33
6-MM-33

112-0-0
,12-33-0
E-67-O
12-1oO-o

E-O-33
U-33-33
~~7-33
K’-llm-3:

M = 2.o1

).ca8
.Olea
.0166
.0153

.01%

.0170

.011

.0A

.0260

.CQ17

.0188

.o168

.=9

.0190

.0167

.0151

0.466

.W

.533

.569

.469

:%
. 5q

.4-f5

.X5

.534

.562

.475

.5U

.545

.5&l
I

c%

1.040’8
.03&?
.Oyil
.03T2

.0391

.0369

.Oyk!

.0320

.0392

.0379

.0356

.0334

.0389

.0370

.0~8

.0324

)&
,D*

4.92

%
5.36

5.=

;:%
5.48

R
4.99
5.09

4.81
5.03
5.21
5.33

I
1

,220 -o. c039 O.cw(o
.200 -.m
.185 -.Uk2
.170 -.OW .Olal

.2CQ -.w48 .0239

. lEq -.@355

.170 -.c063

.l~ -. m70 .oI.66

.275

.220

.190

.I-75

-.0031 .0323
-.ocA3
-.cD58
-.cwl . cd

-.C040 .02&l
-.W49
-.ci%o
-.W%9 .0184

~-%in
‘%2

0.334

.435

.338

.4-44

.345

.444

.345

.448

M = 1.6I.

1.05M

.0440

.Wti

.dt23

.0534

.0431

.W9

.0422

5.26

5.55

5.%

5.m

4.74

5.g

5.10

5.49

).285

.210

.275

.200

.310

.=5

.Xlo

.215

‘%3

.o.c067

-. 0D3

-.m

-.0103

-. CQ61

-.0109

-.(X%5

-.0101

/
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,
I

I

I

I

I

~

6-o-o
6-33-0
6-67-o
6.103-0

6-o-33
6-33-33
6-67-33
6.1(x)-33

u-o-o
K-33-O
u-67--o
12-1oo-o

12-O-33
U-33-33
E-67-33
I2-1OO-3

TAEIEIn.-~ oFcmr#mmasl’msBAsEomm oFmx-o-o KO!w.

$ainc“-’%dx
%2

1.cm8 0.466
.Wlo .ky
.0203 .438
. cm+ .427

.aa7 &

.0208

.0201 .412

.Ceo-2 .4(%

.tio .475
. craw
. @to :%
. WZ’4 .421.

.0255 .427

.0232 .418

.0223 .409

. oa8 .401

).04.08 4.52
.0425 5.IL
$4$ ;:g

.0435 5.=

.0451 5.

.0464 5. E

.0462 5.48

.0392 4.9
.0421 4.70
.0435 4.99
.dl-45 5.09

.&32 4.81

.&p 5.03

.0464 5.21

.c468 5.33

k c.p.at
opt G=pc

(a)

).220 0.345
.203 .296
. l@ .250
. lp .Ecil

.2CXJ .4c0

. lEq .%

.170 .301
. ly .*

.m .323

.220 .270

.lgo .25

.1~ .1%

.240 .3&

.210 .334

.* =&

.170

).@-(o 0.334

.0241 .326

.CQE4 .3dt

.0240 .307

.0323 .345

.w72 .333

.0311 .310

. am5 .310

M - 1.61

%

~.w

.0587

.0575

.ofm

.0554

.0575

.qi%

.Wo

)~D-
5.26

5.55

5.58

5.@

4.74

5.25

5.1o

5.49

k
opt

).285

. a-o

.275

.ml

.310

.225

.3(M

.EW5

:.P. a<
a.fi!

(a)

0.374

.254

.423

.295

.356

.245

.403

.3(XI

%raCticm of 6 of the x-o-o wing.
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